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,QWURGXFWLRQ
'HIHUHQWDUFKLWHFWXUHV IRURIIOLQHUHFRJQL]LQJRIKDQGZULWWHQGLJLWV DQGFKDUDFWHUVKDYHEHHQSURSRVHG LQ
WKH SDVW >@ 7KLV LQFOXGHV WUDGLWLRQDO SDWWHUQ UHFRJQLWLRQ VFKHPHV DV ZHOO DV VFKHPHV EDVHG RQ QHXUDO
QHWZRUNV 7KH UDQJH RI DSSOLFDWLRQV LV ZLGH DQG LQFOXGHV SRVWDO FRGH UHDGLQJ DXWRPDWLF GDWD HQWU\ DQG
UHDGLQJGHYLFHVIRUWKHEOLQG
7KHLPSRUWDQWIHDWXUHVZKHQGHYHORSLQJWKHDUFKLWHFWXUHVDUHDFFXUDF\IOH[LELOLW\DQGVSHHG,QRUGHUWR
REWDLQKLJKUHFRJQLWLRQSHUIRUPDQFHLWLVRIWHQEHQHILFLDOWRLQFOXGHVRPHLQWHOOLJHQWSUHSURFHVVLQJEHIRUHWKH
GDWDDUHIHGWRDQHXUDOQHW2QWKHRWKHUKDQGLWFDQEHGLIILFXOWWRGHVLJQIHDWXUHH[WUDFWRUVWKDWGRQRWPLVV
LPSRUWDQW IHDWXUHV ,W LV RIWHQ VR WKDW IHDWXUH H[WUDFWLRQ VFKHPHVPDNH LW HDV\ WR UHFRJQL]H  RI WKH
H[DPSOHVEXWDWWKHVDPHWLPHGLVFDUGLQIRUPDWLRQVRWKDWLWEHFRPHVDOPRVWLPSRVVLEOHWRFODVVLI\WKHODVW
SHUFHQWDJHVFRUUHFWO\+RZHYHULIWKHUDZGDWDUHSUHVHQWDWLRQLVNHSWWRJHWKHUZLWKWKHH[WUDFWHGIHDWXUHVWKH
RULJLQDOLQIRUPDWLRQLVRIFRXUVHVWLOODYDLODEOH
,Q WKLV FDVH WKH LQSXW GLPHQVLRQ LQFUHDVHV ZKLFK PLJKW DOVR FDXVH SUREOHPV (YHQ WKRXJK LW FDQ EH
GLIILFXOW WR ILQG VXLWDEOH SUHSURFHVVRUV WKHUH LV RIWHQ QR DOWHUQDWLYH DV WKH QXPEHU RI WUDLQLQJ H[DPSOHV
QHHGHGZLWKRXWSUHSURFHVVLQJLVRIWHQWRRODUJH,QWKHFDVHRIUHFRJQL]LQJKDQGZULWWHQGLJLWVLWLVKRZHYHU
HDV\ WR JHW DFFHVV WR WUDLQLQJ H[DPSOHV :H KDYH WKHUHIRUH WULHG WR LQYHVWLJDWH ZKDW FDQ DFWXDOO\ EH
DFFRPSOLVKHG ZLWK D QHXUDO QHW ZKHQ QR HVVHQWLDO SUHSURFHVVLQJ LV EHLQJ SHUIRUPHG $ QHXUDO QHWZRUN
DUFKLWHFWXUH ZKHUH WKH WUDLQLQJ WLPH VFDOHV OLQHDUO\ ZLWK WKH QXPEHU RI WUDLQLQJ H[DPSOHV LV WKH VRFDOOHG
5$0 QHWV RU QBWXSOHPHWKRG7KLV NLQG RI DUFKLWHFWXUH GRHV QRWEHORQJ WR WKHPRVW ZLGHO\ XVHG W\SHV
+RZHYHUDFRPSDULVRQEHWZHHQ5$0QHWVDQGRWKHUFODVVLILFDWLRQDUFKLWHFWXUHVLQFOXGLQJQHXUDOQHWVZDV
UHFHQWO\SHUIRUPHGIRUVHYHUDOFODVVLILFDWLRQSUREOHPV>@)URPWKHREWDLQHGUHVXOWVLWZDVFRQFOXGHGWKDWWKH
XQGHUO\LQJSULQFLSOHRIQWXSOHPHWKRGZDVDSRZHUIXOPHWKRG%HORZZHUHSRUWRQWKHUHVXOWVREWDLQHGRQ
WKH WDVNRI UHFRJQL]LQJKDQGZULWWHQGLJLWVXVLQJ5$0DUFKLWHFWXUH:HKDYHH[WHQGHG WKH WUDGLWLRQDO5$0
DUFKLWHFWXUH WR LQFOXGH LQKLELWLRQ7KLVQHZ IHDWXUH LQFUHDVHV WKHUHFRJQLWLRQSHUIRUPDQFHVLJQLILFDQWO\7KH
UHVXOWVREWDLQHGFOHDUO\MXVWLILHV5$0QHWDVDQDOWHUQDWLYHWRWKHPRUHSRSXODUQHXUDOQHWZRUNDUFKLWHFWXUHV
5$01HXUDO1HWV
5$0EDVHG QHXUDO QHWV EHORQJ WR WKH PHPRU\EDVHG DUFKLWHFWXUHV 7KHVH DUFKLWHFWXUHV KDYH VRPH
DSSHDOLQJ IHDWXUHV VXFK DV RQH VKRW OHDUQLQJ DQG IDVW UHFDOO WLPHV > @ $5$0EDVHG QHXUDO QHW FDQEH
FRQVLGHUHGDVFRQVLVWLQJRIDUDQJHRI/RRNXS7DEOHV/87VWKDWVWRUHWKHZHLJKWVRIWKHDUFKLWHFWXUH
(DFK/87VDPSOHVDQXPEHURIGDWDIURPWKHLQSXWVSDFH7KHURZVRIWKHWDEOHVFRUUHVSRQGWRGLIIHUHQW
REMHFW FODVVHV ZKHUHDV WKH FROXPQV FRUUHVSRQG WR GLIIHUHQW SDWWHUQV RI WKH VDPSOHG LQSXW GDWD ,Q WKH
WUDGLWLRQDOVFKHPHRQO\ WKHYDOXHVRUDUHXVHGDVZHLJKWYDOXHV$YDOXHRIFRUUHVSRQGVWRDVSHFLILF
IHDWXUHEHLQJSUHVHQWLQWKHWUDLQLQJVHWIRUDVSHFLILFFODVV7KHRXWSXWIURPDVSHFLILF/87FRUUHVSRQGVWRWKH
FRQWHQWV RI WKH FROXPQ DGGUHVVHG E\ WKH JLYHQ LQSXW 7KH RXWSXW YHFWRUV IURP DOO /87V DUH DGGHG DQG
VXEVHTXHQWO\ D ZLQQHUWDNHDOO GHFLVLRQ LV PDGH WR SHUIRUP WKH FODVVLILFDWLRQ RI WKH LQSXW H[DPSOH DV
LOOXVWUDWHGLQ)LJXUH

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)LJ7KH5$01HWDUFKLWHFWXUH

7KHDERYHGHVFULSWLRQFDQDOVREHSXWLQWRDPDWKHPDWLFDOGHVFULSWLRQDVLQ5HI/HW1/87VEHWKHWRWDO
QXPEHURI/87VLQWKHV\VWHPDQGOHW6FGHVFULEHWKHVHWRIWUDLQLQJH[DPSOHVLQFODVV&)XUWKHUPRUHOHW[
GHQRWHDQH[DPSOHXVHGIRUWUDLQLQJDQGOHW\GHQRWHDQH[DPSOHRXWVLGHWKHWUDLQLQJVHW$JLYHQH[DPSOH
ZLOODGGUHVVDVSHFLILFFROXPQRIHDFK/87/HWWKHFROXPQLQWKHLWK/87EHLQJDGGUHVVHGE\DQH[DPSOH\
EHGHQRWHGDL\
:KHQ WUDLQLQJD5$0EDVHGQHW LW LV LPSRUWDQW WR VHOHFWDSURSHUQXPEHURI LQSXWFRQQHFWLRQV IRUHDFK
/877KHJHQHUDOL]DWLRQFDSDELOLWLHVRIWKHQHWZRUNDUHGLUHFWO\UHODWHGWRWKHQXPEHURILQSXWELWVIRUHDFK
/87 ,I D /87 VDPSOHV DOO LQSXW ELWV LW ZLOO DFW DV D SXUH PHPRU\ GHYLFH DQG QR JHQHUDOL]DWLRQ ZLOO EH
SURYLGHG$VWKHQXPEHURIVDPSOHGLQSXWELWVLVUHGXFHGWKHJHQHUDOL]DWLRQLVLQFUHDVHGDWDQH[SHQVHRID
GHFUHDVLQJQXPEHURIXQDPELJXRXVGHFLVLRQV:KHQWKHQXPEHURIWUDLQLQJH[DPSOHVLQFUHDVHVLWJHQHUDOO\
EHFRPHVPRUHGLIILFXOW WRILQGIHDWXUHVRIORZGLPHQVLRQWKDWFDQGLVWLQJXLVKEHWZHHQWUDLQLQJH[DPSOHVRI
GLIIHUHQWFODVVHV$FFRUGLQJO\WKHQXPEHURILQSXWFRQQHFWLRQVSHU/87ZLOOLQJHQHUDOKDYHWRLQFUHDVHZLWK
WKHQXPEHURILQSXWH[DPSOHV
,QWKHWUDGLWLRQDOVFKHPHWKHLQSXWFRQQHFWLRQVIRUWKHGLIIHUHQW/87VDUHFKRVHQDWUDQGRP>@7KH
SHUIRUPDQFHRIWKHV\VWHPJHQHUDOO\LQFUHDVHVZLWKWKHQXPEHURI/87VEXWIRUDJLYHQVL]HWKHSHUIRUPDQFH
LQFUHDVHREWDLQHGE\DGGLQJH[WUD/87VEHFRPHVYHU\ORZ$VWKHUHFDOOWLPHRIWKHV\VWHPLQFUHDVHVOLQHDUO\
ZLWKWKHQXPEHURI/87VDQGGXHWRPHPRU\FRQVLGHUDWLRQVLWLVGHVLUDEOHWRPLQLPL]HWKHQXPEHURI/87V
QHHGHGWRDFKLHYHDJLYHQSHUIRUPDQFH0XFKFDQEHJDLQHGLIWKHLQSXWFRQQHFWLRQVDUHVHOHFWHGLQDPRUH
LQWHOOLJHQWZD\6XFKDWHVWLVHDV\WRSHUIRUPRQD5$0EDVHGQHWLIRQHLQVWHDGRIMXVWZULWLQJRULQWKH
/87 FHOOV VLPSO\ VWRUHV WKHQXPEHURIH[DPSOHV WKDWYLVLW HYHU\ FHOO 8VLQJ WKH LQIRUPDWLRQPHDVXUH LW LV
SRVVLEOHWRUHGXFHWKHQXPEHURI/87VQHHGHGWRDFKLHYHDJLYHQSHUIRUPDQFH7KHLQIRUPDWLRQPHDVXUHLV
EDVHGRQHQWURS\DQGDFRQFHSWGHILQLQJDVRFDOOHGFULWLFDOH[DPSOHQXPEHU7KHQXPEHURIFULWLFDOH[DPSOHV
LV GHILQHG DV WKH QXPEHU RI H[DPSOHV WKDW DW OHDVW KDYH WR EH UHGUDZQ IURP WKH WUDLQLQJ GDWD WR LPSO\ D
PLVFODVVLILFDWLRQRIWKHWUDLQLQJH[DPSOHLQTXHVWLRQ

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7KH3URSRVHG7HFKQLTXH,QKLELWLRQ
7KHQXPEHURI/87DGGUHVVHVFROXPQVVKDUHGE\DQ\WZRH[DPSOHVEHORQJLQJWRGHIHUHQWFODVVHVVKRXOG
EHDVVPDOODVSRVVLEOH+RZHYHULQPDQ\VLWXDWLRQVWZRGHIHUHQWFODVVHVPLJKWRQO\GLIIHULQDIHZRIWKHLU
IHDWXUHV,QVXFKDFDVHDQH[DPSOHRXWVLGHWKHWUDLQLQJVHWKDVDKLJKULVNRIVKDULQJPRVWRILWVIHDWXUHVZLWK
DQ LQFRUUHFWFODVV ,Q WKLVVLWXDWLRQ WKH5$0QHWZLOOKDYHDQXQDFFHSWDEOHKLJKHUURU UDWH ,QRUGHU WRGHDO
ZLWKWKLVSUREOHPLWEHFRPHVQHFHVVDU\WRZHLJKWGHIHUHQWIHDWXUHVGLIIHUHQWO\IRUDJLYHQFODVV7KHVHZHLJKWV
FDQWKHQEHWUDLQHGZLWKDSHUFHSWURQQWXSOHFODVVLILHUOLNHOHDUQLQJUXOH>@
:HSUHVHQWDQDOWHUQDWLYHVROXWLRQZKHUHWKHFRQWHQWVRIWKH/87VEHDUDPXFKFORVHUUHVHPEODQFHWRWKH
FRQYHQWLRQDO5$0DUFKLWHFWXUH$FFRUGLQJO\LWDOVRSUHVHUYHVVRPHHVVHQWLDODGYDQWDJHVRIWKHVLPSOH5$0
QHW,QRUGHUWRLOOXVWUDWHWKHQHHGIRULQKLELWLRQDVSHFLILFH[DPSOHIURPWKHWDVNRIUHFRJQL]LQJKDQGZULWWHQ
GLJLWVLVGHSLFWHGLQ)LJXUH$VLOOXVWUDWHGLQWKLVILJXUHWKHPDLQGHIHUHQFHEHWZHHQWKHFRQVLGHUHGW\SHVRI

VDQG
VLVWKHDSSHDUDQFHRUQRQDSSHDUDQFHRIDQXSSHUKRUL]RQWDOEDU,IDWRSEDULVPHWLQDWHVWH[DPSOH
LWLVGHVLUDEOHWKDWWKHQHWZRUNLQKLELWVFODVV2WKHUZLVHWKHUHLVDULVNWKDWWRRPXFKHPSKDVLVLVSXWRQWKH
RWKHUSDUWVRIWKHWHVWSDWWHUQ)LJXUH$QH[DPSOHRIWZRGLJLWFODVVHVWKDWDUHYHU\FORVHZLWKH[FHSWLRQRI
WKHEDURUQRQEDUVWUXFWXUHDWWKHWRSFODVV

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)LJ$QH[DPSOHRIWZRGLJLWFODVVHV

'XHWRWKHOLPLWHGWUDLQLQJVHWLWLVKRZHYHUQRWQHFHVVDULO\VRWKDWFROXPQVYRWLQJRQFODVVEXWQRWRQ
FODVV  DQG YLFH YHUVD UHSUHVHQW SURSHU GLVWLQJXLVKLQJ IHDWXUHV EHWZHHQ WKH WZR FODVVHV $FFRUGLQJO\ D
VWUDWHJ\LVQHHGHGIRUVHOHFWLQJWKRVHFROXPQVWKDWDUHWKHPRVWOLNHO\FDQGLGDWHVIRULQKLELWLRQ
7KH ILUVW VWHS LQ ORFDWLQJFROXPQFDQGLGDWHV IRU LQKLELWLRQ LV WRGHWHFW WKH WUDLQLQJH[DPSOHVKDYLQJ ORZ
FRQILGHQFHDQGWKRVHEHLQJPLVFODVVLILHGLQDFURVVYDOLGDWLQJWHVWDVLPSOHFRQILGHQFHPHDVXUHLV WKHYRWH
GHIHUHQFHEHWZHHQWKHZLQQLQJFODVVDQGVXFFHHGLQJFODVV)RUHDFKRIWKHVHH[DPSOHVWKHFRPSHWLQJFODVVLV
UHJLVWHUHG$OO/87FROXPQVWKDWSURGXFHYRWHVRQWKHWUXHFODVVEXWQRYRWHVRQWKHFRPSHWLQJFODVVDUHWKHQ
UHJLVWHUHG$VPDOOLQKLELWLRQIDFWRULVQRZVWRUHGLQWKHFRPSHWLQJFODVVFHOOVRIWKHVH/87FROXPQV
,QKLELWLRQIDFWRU ĮLQKDELW
:HLJKWĺZHLJKW±ĮLQKDELW

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7KH LQKLELWLRQ IDFWRU LV FDOFXODWHG VR WKDW WKH FRQILGHQFH DIWHU LQKLELWLRQ FRUUHVSRQGV WR D GHVLUHG OHYHO
,QHYLWDEO\ WKLV WHFKQLTXH ZLOO DGG LQKLELWLRQ WR VRPH /87 FROXPQV WKDW GR QRW UHSUHVHQW LPSRUWDQW
GLVWLQJXLVKLQJIHDWXUHV%XWWKH/87FROXPQVUHSUHVHQWLQJWKHGLVWLQJXLVKLQJSDWWHUQVDUHOLNHO\WREHYLVLWHG
E\PDQ\RIWKHORZFRQILGHQFHWUDLQLQJH[DPSOHVDQGDFFRUGLQJO\WKHLUFRUUHVSRQGLQJFHOOVZLOOREWDLQODUJHU
LQKLELWLRQ IDFWRUV WKDQ WKH UHVW ,W IROORZV IURP WKH DERYH GLVFXVVLRQ WKDW WKH LQKLELW IDFWRU VKRXOG EH
VXIILFLHQWO\ VPDOO VR WKDW WKH HIIHFWRI LQKLELWLQJFHOOVRQFH LV QHJOLJLEOH 7KHYDOXHZHXVHGHSHQGVRQ WKH
DPRXQWRIFRQILGHQFHLQFUHDVHWKDWLVQHHGHGIRUDVSHFLILFH[DPSOH$W\SLFDOYDOXHRILQKLELWLV1/87V
ZKHUH1/87VLVWKHWRWDOQXPEHURI/87V
'LVFXVVLRQ
7KHSULPDU\REMHFWLYHRI WKHZRUN UHSRUWHG LQ WKLV UHVHDUFKZDV WR LQYHVWLJDWHD QHZ WHFKQLTXH VRDV WR
LPSURYH WKH UHFRJQLWLRQ SHUIRUPDQFH RI QRQGHWHUPLQLVWLF GDWD XVLQJ 5$0QHWZRUNV ZKLFK LPSOHPHQW Q
WXSOHPHWKRGRISDWWHUQUHFRJQLWLRQ,QWKLVFODVVRIGDWDXQFRQVWUDLQHGKDQG±ZULWWHQFKDUDFWHUVZHUHFKRVHQ
WRRSWLPL]HWKHWHFKQLTXHVZKLFKFDQEHDSSOLHGWRRWKHUIRUPVRIGDWD
,QKDELWDWLRQWHFKQLTXHZDVLQWURGXFHGLQRUGHUWRLQFUHDVHWKHDELOLW\RIWKH5$0QHWUHFRJQL]HUIRUIHDWXUH
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